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Abstract

Cotton is the important fiber crop, which occupies the three percent of total arable land in the world. The productivity of the
cotton crop is mainly affected by the many biotic and abiotic factors in India. The present study was carried out to screen the 24
desi cotton genotypes for drought tolerance related traits under water controlled and stress condition. The analysis of variance
revealed that the presence of significant difference among the genotypes under normal and stress condition. The traits primary
root length and root to shoot ratio were significantly higher under stress condition indicating that these can be used for
screening large scale germplasm for drought tolerance ability. Further, root dry weight, shoot dry weight, total dry weight and
root to shoot ratio were significantly and positively correlated with each other under both normal and stress conditions indicating
the importance of biomass traits under stress condition. The genotypes NDLA 2963, NDLA 2965, NDLA 2958, NDLA 2976 and
NDLA 3028 were shown higher total and shoot biomass under stress condition and found to be tolerant. These genotypes could
be used for future breeding programme for improvement of drought tolerance ability in desi cotton.
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Introduction

Cotton is one of the most important strategic fiber crops in
the global textile industry and plays a significant role in the
industrial and agricultural economy of the country. Cotton
belongs to the Genus Gossypium and the family
Malvaceae. Among fifty species of the Gossypium genus,
45 are diploid and five are allotetraploid. Among these
species, only G. hirsutum and G. barbadense are
tetraploid, whereas G. arboreum and G. herbaceum are
diploid, which are presently cultivated (Malik et al., 2014).
Cotton is grown all over the world, and is the main
agriculture crop of so many countries.Availability of water
in adequate quantities is a prerequisite for normal
vegetative growth and development of cotton plants for
producing lint yield as per the varietal potential of the
specific cultivar (1,2,3). The changing climate scenario
has multiplied the intensity as well as the frequency of
different abiotic stresses such as heat, salinity, and
drought. However, in recent years, drought stress (DS)
has emerged as one of the most lethal and growth
hampering factors that has led to a serious decline in
cotton production worldwide.

The important parameters for estimating drought
tolerance in cotton are primary root length, root dry
weight, shoot dry weight, root to shoot ratio, total dry
weight and relative water content under both control and
treatment conditions.Screening of cotton genotypes
under heat and drought stress is one of the essential

protocols that can be used to select a large number of
populations within the shortest period. This approach can
be used to differentiate the agronomical, physiological,
and biochemical attributes of cotton genotypes
contrasting for drought and heat stress tolerance (4,5)
Studies of cotton genotypes at different water stress
levels exhibited that the water content decrease with an
increase in drought stress (6). (7) reported that
photosynthesis had positive correlation with relative water
content under both control and drought conditions
whereas the trait had positive correlation with boll
retention percentage in stressed conditions. (2) carried
out a study to determine the effects of water stress on
genetic variability of root and shoot traits. Fresh and dry
shoot weights were positively correlated with all seed
traits. Therefore, the presence of significant variability
coupled with positive correlation among various shoot and
root traits is the criteria for genetic improvement of
drought tolerance in cotton. Keeping this in view, the
present study was framed with objectives of assessment
of genetic variability among the desi cotton genotypes for
drought tolerance related traits as well as the correlation
analysis among the root and shoot traits under both
control and treatment conditions in desi cotton.

Materials and Methods

The present investigation was carried out using 24 diverse
desi cotton genotypes developed at Regional Agricultural
Research Station, Nandyal including Aravinda, Srinandi,
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Table-1 : ANOVA table of six drought related traits in cotton.

Traits Mean sum of squares CV (%) Heritability
Genotype (G) Drought (D) GxD
PRL 37.03*** 1772.20*** 24.68"* 19.05 0.33
RDW 0.10*** 0.16** 0.00*** 9.14 0.98
SDW 0.85*** 12.14** 0.12*** 2.84 0.86
RSR 0.04*** 0.18*** 0.00*** 9.11 0.88
TDW 1.35*** 15.09*** 0.13*** 3.96 0.90
RWC 36.56*** 9092.10*** 17.42%* 2.67 0.52

*** significant at p<0.001.

PRL = Primary root length, RDW = Root dry weight, SDW = Shoot dry weight, RSR = Root to shoot ratio = TDW = total dry weight, RWC =

relative water content, CV = coefficient of variation.

Table-2 : Descriptive statistics of six drought related traits in cotton.

Traits Control Treatment
Mean SD Range Mean SD Range

PRL 7.26 2.04 49 - 12.87 14.28 4.05 8.83 — 25.77
RDW 0.28 0.13 0.13 — 0.53 0.21 0.13 0.08 — 0.46
SDW 1.34 0.42 0.91 — 2.22 0.76 0.38 0.29 — 1.52
RSR 0.21 0.09 0.08 — 0.39 0.28 0.08 0.10 — 0.44
TDW 1.62 0.50 1.04 — 2.60 0.97 0.49 0.37 — 1.85
RWC 91.88 1.35 88.09 — 93.92 75.98 4.02 67.29 — 85.52

PRL = Primary root length, RDW = Root dry weight, SDW = Shoot dry weight, RSR = Root to shoot ratio, TDW = total dry weight, RWC =

relative water content, SD = Standard deviation.

Table-3 : Correlation between six drought related traits in cotton.

Control/Treatment PRL RDW SDW RSR TDW RwWC
PRL 1.000 -0.032 0.514** -0.265 0.420* 0.103
RDW 0.083 1.000 0.527** 0.768*** 0.707*** -0.027
SDW 0.202 0.813*** 1.000 -0.086 0.974*** -0.173
RSR -0.215 0.543** -0.009 1.000 0.134 0.108
TDW 0.178 0.890*** 0.989*** 0.132 1.000 -0.153
RWC -0.018 -0.315 -0.368 0.019 -0.366 1.000

PRL = Primary root length, RDW = Root dry weight, SDW = Shoot dry weight, RSR = Root to shoot ratio, TDW = total dry weight, RWC =
relative water content, The upper and lower diagonals indicates the correlation coefficients between the same traits under control and

treatment conditions, respectively.

Yaganti, NDLA-2985, NDLA-3116-4, NDLA-2953,
NDLA-3005, NDLA-3066, NDLA-2974, NDLA-3014,
NDLA-3038, NDLA-3043, NDLA-3037, NDLA-2946,
NDLA-2930, NDLA-2963, NDLA-2965, NDLA-3028,
NDLA-2958,  NDLA-2976,NDLA-3020, @ NDLA-3094,

NDLA-3104-4, NDLA-3113. The experiment was carried
out at Polyhouse, Regional Agricultural Research Station,
Nandyal, Andhra Pradesh, India using Completely
Randomized Design (CRD). The genotypes grown under
both stress (treatment) and non-stress (control) conditions
were watered till the development of the first true leaf, and
thereafter, genotypes grown under controlled condition
only were watered daily. Water stress condition was
created by withholding water supply to the genotypes
grown under treatment. The experiment was continued for
45 days from the date of emergence of the seedlings (8).

The data related to drought i.e., primary root length, root
dry weight, shoot dry weight, root to shoot ratio, total dry
weight, relative water content were recorded from the pot
culture experiment. Further, the recorded data were
subjected to the analysis of variance, descriptive statistics
and correlation analysis using STAR (Statistical tool for
Agricultural Research) 2.1.0 software (9).

Results and Discussion

The set of 24 desi cotton genotypes were evaluated for
identifying drought tolerance under both controland
treatment conditions. The Analysis of variance revealed
the presence of significant differences for all the traits
among the genotypes (Table-1). Significant differences
were observed for all the traits studied among all the
genotypes. The values of coefficient of variation ranges
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Table-4 : Genotypic means for studied traits under both control and treatment conditions.
S. NAME Control Treatment
No. PRL RDW SDW RSR TDW RWC PRL RDW SDW RSR TDW RWC
1. ARAVINDA 9.57 0.33 186 0.18 219 9392 1239 0.32 0.83 0.38 1.16 85.52
2. SRINANDI 6.01 0.17 1.11 0.16 1.28 90.89 1149 0.15 0.62 0.24 0.77  80.55
3. YAGANTI 7.35 0.17 1.21 0.14 1.38 9124 1749 0.14 0.61 0.23 0.75 79.83
4. NDLA-2985 7.39 0.16 1.12 0.14 128 9125 15.81 0.10 0.33 0.29 042 77.21
5. NDLA-3116-4 8.15 0.23 1.30 0.18 1583 9242 1245 0.1 0.33 0.34 0.44 81.93
6. NDLA-2953 6.59 0.17 1.01 0.17 1.18 92.08 11.71 0.1 0.55 0.20 0.66 77.96
7. NDLA-3005 12.87 0.15 1.98 0.08 213 9099 1990 0.1 1.07 0.10 1.18 75.70
8. NDLA-3066 9.97 0.23 1.29 0.18 152 9189 1209 0.16 047 034 063 77.86
9. NDLA-2974 5.94 0.14 1.03 0.13 1.17 92.00 12.81 0.08 0.29 0.28 0.37 7822
10. NDLA-3014 4.90 0.31 1.67 0.18 1.97 9292 943 0.12 0.41 0.30 0.58 75.22
11. NDLA-3038 6.10 0.14 0.94 0.15 1.08 9155 883 0.08 0.35 0.23 0.44  74.56
12. NDLA-3043 5.75 0.15 0.92 0.16 1.07 9188 9.70 0.1 0.51 0.22 0.62 76.50
13. NDLA-3037 6.67 0.14 0.92 0.15 1.06 9341 17.67 0.10 0.51 0.20 0.61 73.94
14. NDLA-2946 5.77 0.13 0.91 0.14 1.04 91.97 2577 0.09 0.50 0.18 059 74.01
15. NDLA-2930 7.20 0.39 1.45 0.27 1.84 9296 16.80 0.29 0.99 0.29 128 77.79
16. NDLA-2963 6.93 0.48 1.57 0.31 205 93.76 16.43 0.46 1.39 0.33 1.85 76.33
17. NDLA-2965 1213  0.39 2.22 0.17 260 9279 1510 0.29 1.52 0.19 1.81 77.08
18. NDLA-3028 6.90 0.37 2.02 0.18 2.39 88.09 12.77 0.30 1.35 0.22 1.65 68.98
19. NDLA-2958 4.90 0.52 1.97 0.26 249 9020 1253 0.42 1.37 0.31 1.79 70.80
20. NDLA-2976 6.78 0.53 1.55 0.34 2.08 89.79 13.70 043 1.25 0.35 1.68 67.29
21. NDLA-3020 7.10 0.32 0.99 0.32 1.31 90.88 10.43 0.24 0.69 0.34 0.93 72.39
22. NDLA-3094 6.97 0.36 0.92 0.39 128 9194 1413 0.29 0.67 0.44 096 72.35
23. NDLA-3104-4 4.97 0.32 0.99 0.32 1.31 9261 1187 0.24 0.64 0.37 0.87 74.66
24. NDLA-3113 7.30 0.46 1.22 0.38 1.68 9359 2130 0.41 0.99 0.42 1.40 76.93

PRL = Primary root length, RDW = Root dry weight, SDW = Shoot dry weight, RSR = Root to shoot ratio, TDW = total dry weight,

RWC = relative water content.

from 2.67 for RWC to 19.05 for PRL. The maximum value
of heritability (0.98) is seen for RDW whereas the
minimum value of heritability (0.33) is seen for Primary
root length. (10) observed the presence of significant
differences for all the drought traits among eight
genotypes.Higher broad-sense heritability estimates were
found for all the studied traits. (11) observed genotypic
differences for all the morphological and physiological
traits revealed highly significant differences except
transpiration rate. (12) reported the interaction between
genotype and water regime (G x W) was highly significant
for root length, shoot length, excised leaf water loss and
stomatal conductance. A positively strong correlation was
found in transpiration rate with relative water content and
stomatal conductanceand relative water content with
photosynthesis under drought conditions. (9) showed that
the significant differences between genotypes in each of
the experiments manifests the high variability with respect
to drought stress index, and the interaction genotype-
location shows the differential behaviour of the genotypes
over locations or environments.

The descriptive statistics of six evaluated traits
pertaining to 24 studied genotypes were presented in
Table 2. The traits primary root length and root shoot ratio

were significantly higher under stress condition indicating
that these can be used for screening large scale
germplasm for drought tolerance ability. Standard
deviation values range from 0.09 for RSR to 2.04 for PRL
under control and 0.08 for RSR to 4.05 for PRL. The traits
root dry weight, shoot dry weight, total dry weight and
relative water content were significantly higher under
water controlled conditions. (2) considered root to shoot
ratio as an important parameter for evaluation of drought
stress. Under irrigated conditions, FH?142 had the
highest root to shoot ratio (1.68), whereas under stress
conditions, 1UB-222 had the highest mean value (1.49),
followed closely by N-111 (1.48). (12) revealed that
significant variation among the genotypes was found for
all the traits under study at 5% level of significance except
for trait stem diameter. (13) analyzed a genome wide
comparative analysis of contrasting cotton species to
identify drought mechanisms in drought stressed cotton
plants.

The Pearson’s correlation coefficients between the
evaluated six drought related traits in 24 desi cotton
breeding lines under both control and treatment
conditions were presented in Table-3. From the
correlation analysis, it is observed that the trait primary
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root length showed significant and positive correlation (r =
0.514) with shoot dry weight and (r=0.420) with total dry
weight. The trait root dry weight recorded significant and
positive correlation with shoot dry weight (r = 0.527), root
to shoot ratio(r=0.768) and total dry weight (r=0.707). The
trait shoot dry weight recorded significant and positive
correlation with root dry weight (r = 0.813), total dry
weight(r=0.974). The correlation coefficients between
drought related traits including root to shoot ratio androot
dry weight were significant and positive with each other,
the trait total dry weight showed positive and significant
correlation with root and shoot dry weights. (14) observed
that there was a significant and positive correlation
between fresh shoot weight and fresh root weight, dry
shoot weight, plant weight and dry root weight. (15)
reported that correlation analysis revealed overall positive
associations among almost all traits, except root to shoot
ratio and root diameter, which were negatively correlated
with a few traits. The root to shoot ratio was exceptional in
not being significantly correlated with any other trait
except stem dry weight (-0.28).

The detailed mean values of evaluated 24
genotypes for economic traits in cotton were presented in
Table-4. For Primary root length, the genotypes
NDLA-3014 and NDLA-2958 recorded lowest mean value
of 4.90, while the genotype NDLA-3005 recorded highest
mean value of 12.87under controlled condition and the
genotype NDLA-3038 recorded lowest mean value of
8.83, while the genotype NDLA-2946 recorded highest
mean value of 25.77 under stress condition. For root and
shoot dry weights, the genotype NDLA-2946 recorded
lowestmean values of 0.13 and 0.91 respectively and the
genotypes NDLA-2976 and NDLA-2965recorded highest
mean values of 0.53 and 2.22 respectively in controlled
condition. For root dry weights, the genotype NDLA-2974
and NDLA-3038 recorded lowest mean value of 0.08,
highest mean 0f0.46 for NDLA-2963 andfor shoot dry
weights, the genotype NDLA-2974 recorded lowest mean
value of 0.29 and highest of 1.52 for NDLA-2965. Under
controlled condition, the highest and lowest mean root to
shoot ratio was recorded by genotypes NDLA-3094 (0.39)
and NDLA-3005 (0.08), respectively. Under treatment, the
highest and lowest mean root to shoot ratio was recorded
by genotypes NDLA-3094 (0.44) and NDLA-3005 (0.10),
respectively. Under control, the highest and lowest mean
total dry weight was recorded by genotypes NDLA-2965
(2.60) and NDLA-2946 (1.04), respectively. Under
treatment, the highest and lowest mean total dry weight
was recorded by genotypes NDLA-2963 (1.85) and
NDLA-2974 (0.37), respectively. For control, the highest
and lowest mean relative water content was recorded by
genotypes Aravinda (93.92) and NDLA-3028 (88.09),
respectively. Under treatment, the highest and lowest

mean relative water content was recorded by genotypes
Aravinda (85.52) and NDLA-2976 (67.29), respectively.
(16) observed that mean for all the root parameters under
controlled were ranged from 6.77cm for (MS-64) to 13.97
cm for DPL-45. On the average basis DPL-45 had
maximum root length (11.56cm) followed by BH-176
(11.42 cm). Tree cotton (11.33cm) and MPS-11 (10.72
cm). These genotypes performed better in all the
conditions and these are considered as drought tolerant
genotypes. Due to drastic reduction in root length in
stressed condition, these accessions may be rated as
susceptible to water stress.Mean values of seedcotton
yield, number of bolls per plant and boll weight of
genotypesin the well-watered and waterlimited regimes
for 2003 and 2004 are summarized.

Conclusions

In this study, results of genetic analysis of 24 diverse desi
cotton genotypes showed the presence of significant
differences for all the drought tolerance related traits
among the genotypes. The genotypes NDLA 2963, NDLA
2965, NDLA 2958, NDLA 2976 and NDLA 3028 were
shown higher total and shoot biomass under stress
condition and found to be tolerant.Further, these
genotypes could be grown under field conditions to test
their natural tolerance ability. The identified genotypes are
potential resources for drought tolerance improvement in
desi cotton.
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